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Drosophila neural progenitor cells are competent to give rise to certain neuronal cell types only
during a limited period of time. Kohwi et al. link the termination of early competence to changes
in subnuclear organization of chromatin.Most tissues arise through a process of
histogenesis in which distinct cell types
are generated at different stages of devel-
opment. A particularly striking example of
histogenesis occurs in the central nervous
system, where multipotent progenitors
progressively and intrinsically generate
distinct neuronal cell types (Jacob et al.,
2008; Pearson and Doe, 2004), leading
to the concept that these cells change
their competence over time (Cepko
et al., 1996). Little is known, however,
about what makes a progenitor change
its competence. In this issue of Cell,
Kohwi et al. (Kohwi et al., 2013) pro-
vide evidence that the competence of
Drosophila neuroblasts (NBs) to generate
early-born neurons can be controlled by
changing the subnuclear organization of
chromatin, including in particular the
localization of a gene that is critical for
early fate determination.
During Drosophila embryo develop-
ment, each NB gives rise to highly
stereotyped lineages. Seminal work from
several groups has shown that these
NBs sequentially express a set of
temporal identity genes. These include,
in order of expression, the transcription
factors hunchback, Kru¨ppel, pdm1/2,
castor, and grainyhead. Each time a NB
divides, it generates a daughter that gives
rise to two neurons whose fates are deter-
mined by the temporal identity genes ex-
pressed in the parent NB (Jacob et al.,
2008; Pearson and Doe, 2004). In the
well-studied NB7-1 lineage, the temporal
identity gene hunchback (hb) is normally
expressed for just the first two cell divi-sions. As Hb protein can activate hb
gene transcription, transient hb misex-
pression in NB7-1 leads to the production
of extra early-born neurons, but not
beyond the fifth NB division, suggesting
that there is a transition that renders the
endogenous hb locus nonresponsive to
ectopic Hb.
The nuclear periphery or lamina can
have a repressive influence on gene ex-
pression (Kind and van Steensel, 2010).
Therefore, Kohwi et al. hypothesized that
the hb gene may change its subnuclear
localization to the periphery after the fifth
division of NB7-1. Consistent with this
possibility, the authors find that termina-
tion of the early competence window
precisely correlates with the relocalization
of the hb gene to the nuclear lamina.
Furthermore, inactivation of lamin, a
component of the nuclear lamina, pre-
vented the relocalization of the hb gene,
allowing ectopic Hb to extend the compe-
tence window beyond the fifth division.
If the position of the hb locus defines
the period of competence to generate
early neurons, then the next key question
is what drives the movement of the hb
locus. Previous work had shown that ex-
pression of the Pipsqueak-motif nuclear
protein Distal antenna (Dan) is downre-
gulated at the fifth cell cycle of the NB
(Kohwi et al., 2011). Here, Kohwi et al.
show that maintaining Dan expression
ectopically is sufficient to prevent relocal-
ization of hb to the nuclear periphery and
prolong the early competence window.
Surprisingly, however, dan inactivation
did not shorten the competence window,Cell 15suggesting some redundancy in the
system.
The Kohwi et al. data suggest a model
in which two fundamentally different kinds
of repression control aspects of temporal
competence (Figure 1). Initially, transcrip-
tional repression turns off hb to allow
a different fate to be generated, but the
gene remains poised to be reactivated.
When the gene is shifted spatially, how-
ever, repression becomes permanent
and competence is lost. At first glance,
the competence window defined by
Kohwi et al. looks artificial, as hb reactiva-
tion does not naturally occur in NB7-1.
But it is possible that such a system
allows a certain degree of lineage plas-
ticity that might be harnessed later in the
lineage or in other NB lineages. Moreover,
in vertebrate progenitors, competence
states are often multipotent, so fate
determinants might initially need to re-
main poised for activation during a given
competence window but subsequently
silenced permanently when the compe-
tence state changes, in accordance with
progressive restriction.
Towhat extent might suchmechanisms
be used to define temporal competence
windows in the more stochastic verte-
brate neural lineages? The vertebrate
homolog of hb, Ikaros, is expressed in
early, but not late, mouse retinal progeni-
tors and is necessary and sufficient for the
production of early-born neurons (Elliott
et al., 2008). To determine whether the
competence model that Kowhi et al.
propose is generalizable, it will therefore
be important to determine whether the2, January 17, 2013 ª2013 Elsevier Inc. 13
Figure 1. Dynamic Subnuclear Localization of a Fate Determination Locus Defines aWindow
for Progenitor Competence
(A) Temporal changes in the subnuclear organization of the neuroblast. During the earliest phase of
neurogenesis, NB7-1, the embryonic neuroblast progenitor whose lineage is show below in (B), actively
expresses the hb locus. After the second neuroblast division, Hb transcription is terminated, yet the gene
remains accessible, presumably within euchromatic regions of the nucleus. Whenmotoneuron generation
ceases after the fifth neuroblast division, the hb locus is relocalized to the nuclear lamina. Both the shift in
hb localization and the termination of the competence window can be opposed by overexpressing the
pipsqueak domain protein Dan (dan GOF) or by perturbing the nuclear lamina via lamin loss of
function (LOF).
(B) Lineage of the NB7-1 neuroblast progenitor in the embryonic Drosophila central nervous system. At
each cell division, the neuroblast divides asymmetrically to generate a neuroblast daughter as well as
a ganglion mother cell (GMC). The GMC divides once to generate neurons. In the first two divisions, early
fate motoneurons are produced (U1 and U2; green spheres) along with two sister neurons of unknown
identity (gray spheres). In the next three divisions, the resultant GMCs generate later-fate motoneurons
(U3–U5; blue spheres). Subsequent neuroblast divisions ultimately generate interneurons of unknown
fate. Temporal factors expressed sequentially in the neuroblast determine the fate of the resultant
motoneuron. The temporal factors include the transcription factors Hunchback (Hb), Kru¨ppel (Kr), Pdm1/2
(Pdm), and Castor (Cas).subnuclear localization of the Ikaros gene
changes as retinal progenitor compe-
tence changes.
As is often the case with interesting
studies, the Kohwi et al. paper raises
a number of questions. First, one of the
most intriguing problems will be to under-
stand why relocalization of the endoge-
nous hb gene to repressive compart-
ments prevents ectopically expressed
Hb from prolonging the temporal window.
A possible explanation is that moving the14 Cell 152, January 17, 2013 ª2013 Elsevierhb locus to the nuclear periphery also
silences genes that are additionally
required for ectopic Hb to promote early
fates. Thus, relocalization of the hb locus
may be just one aspect of a larger-scale
chromatin reorganization that directs
several loci, not just the ones proximal to
hb, to repressive nuclear environments.
In this study, the authors only monitored
the position of the hb locus.
Second, because Hb was previously
shown to induce dan expression (KohwiInc.et al., 2011), it is puzzling why ectopic
Dan is sufficient to extend the early
competence window, whereas Hb is not.
The influence of dan expression on hb
localization may ultimately provide an
inroad to mechanistically dissect the
kind of timed change in gene localization
described by Kohwi et al. Recent studies
indicate that nuclear actin plays an impor-
tant part in the transcriptional reprogram-
ming of Oct4 in oocytes (Miyamoto et al.,
2011). Might hb relocalization be imple-
mented by the nuclear cytoskeleton?
Might Dan be involved in regulating such
a process? Finally, it remains to be deter-
mined how the subsequent temporal
identity genes fit into the picture. Re-
cently, the window for responsiveness to
ectopic Kru¨ppel, which is similarly con-
fined to the first five NB7-1 divisions,
was elegantly shown to be under the con-
trol of the polycomb repressor complex
(Touma et al., 2012). It will thus be impor-
tant to determine whether polycomb
complexes participate in the relocaliza-
tion of target genes to the nuclear lamina.
The answers to these questions are likely
to have implications for stem cell biology,
in which the notion of competence is tied
to cellular reprogramming and clinical
safety.
REFERENCES
Cepko, C.L., Austin, C.P., Yang, X., Alexiades, M.,
and Ezzeddine, D. (1996). Proc. Natl. Acad. Sci.
USA 93, 589–595.
Elliott, J., Jolicoeur, C., Ramamurthy, V., and
Cayouette, M. (2008). Neuron 60, 26–39.
Jacob, J., Maurange, C., and Gould, A.P. (2008).
Development 135, 3481–3489.
Kind, J., and van Steensel, B. (2010). Curr. Opin.
Cell Biol. 22, 320–325.
Kohwi, M., Hiebert, L.S., and Doe, C.Q. (2011).
Development 138, 1727–1735.
Kohwi, M., Lupton, J.R., Lai, S.-L., Miller, M.R., and
Doe, C.Q. (2013). Cell 152, this issue, 97–108.
Miyamoto, K., Pasque, V., Jullien, J., and Gurdon,
J.B. (2011). Genes Dev. 25, 946–958.
Pearson, B.J., and Doe, C.Q. (2004). Annu. Rev.
Cell Dev. Biol. 20, 619–647.
Touma, J.J., Weckerle, F.F., and Cleary, M.D.
(2012). Development 139, 657–666.
